Evidence indicating that pig renal phosphate-activated glutaminase has a functionally predominant external localization in the inner mitochondrial membrane.
Phosphate-activated glutaminase in intact pig renal mitochondria was inhibited 50-70% by the sulfhydryl reagents mersalyl and N-ethylmaleimide (0.3-1.0 mM), when assayed at pH 7.4 in the presence of no or low phosphate (10 mM) and glutamine (2 mM). However, sulfhydryl reagents added to intact mitochondria did not inhibit the SH-enzyme beta-hydroxybutyrate dehydrogenase (a marker of the inner face of the inner mitochondrial membrane), but did so upon addition to sonicated mitochondria. This indicates that the sulfhydryl reagents are impermeable to the inner membrane and that regulatory sulfhydryl groups for glutaminase have an external localization here. The inhibition observed when sulfhydryl reagents were added to intact mitochondria could not be attributed to an effect on a phosphate carrier, but evidence was obtained that pig renal mitochondria have also a glutamine transporter, which is inhibited only by mersalyl and not by N-ethylmaleimide. Mersalyl and N-ethylmaleimide showed nondistinguishable effects on the kinetics of glutamine hydrolysis, affecting only the apparent Vmax for glutamine and not the apparent Km calculated from linear Hanes-Woolf plots. Furthermore, both calcium (which activates glutamine hydrolysis), as well as alanine (which has no effect on the hydrolytic rate), inhibited glutamine transport into the mitochondria, indicating that transport of glutamine is not rate-limiting for the glutaminase reaction. Desenzitation to inhibition by mersalyl and N-ethylmaleimide occurred when the assay was performed under optimal conditions for phosphate activated glutaminase (i.e. in the presence of 150 mM phosphate, 20 mM glutamine and at pH 8.6). Desenzitation also occurred when the enzyme was incubated with low concentrations of Triton X-100 which did not affect the rate of glutamine hydrolysis. Following incubation with [14C]glutamine and correction for glutamate in contaminating subcellular particles, the specific activity of [14C]glutamate in the mitochondria was much lower than that of the surrounding incubation medium. This indicates that glutamine-derived glutamate is released from the mitochondria without being mixed with the endogenous pool of glutamate. The results suggest that phosphate-activated glutaminase has a functionally predominant external localization in the inner mitochondrial membrane.